Prenatal choline supplementation (SUP) protects adult rats against spatial memory deficits observed after excitotoxin-induced status epilepticus (SE). To examine the mechanism underlying this neuroprotection, we determined the effects of SUP on a variety of hippocampal markers known to change in response to SE and thought to underlie ensuing cognitive deficits. Adult offspring from rat dams that received either a control or SUP diet on embryonic days 12-17 were administered saline or kainic acid (i.p.) to induce SE and were euthanized 16 days later. SUP markedly attenuated seizure-induced hippocampal neurodegeneration, dentate cell proliferation, and hippocampal GFAP mRNA expression levels, prevented the loss of hippocampal GAD65 protein and mRNA expression, and altered growth factor expression patterns. SUP also enhanced pre-seizure hippocampal levels of BDNF, NGF, and IGF-1, which may confer a neuroprotective hippocampal microenvironment that dampens the neuropathological response to and/or helps facilitate recovery from SE to protect cognitive function.
Status epilepticus (SE), a period of prolonged seizures, produces a host of plastic changes in the hippocampus that are thought to contribute to the development of temporal lobe epilepsy. SE results in substantial neuronal loss (Cavazos et al., 1994; Haas et al., 2001; Gorter et al., 2003) , γ-aminobutyric acid (GABA) system alterations (e.g., Houser and Esclapez, 1996) , reactive gliosis (Jorgensen et al., 1993; Niquet et al., 1994a; Kang et al., 2006) , mossy fiber innervation of the dentate gyrus (Sutula et al., 1988; Ben-Ari and Represa, 1990) , changes in levels of growth factors (Khrestchatisky et al., 1995; Mudo et al., 1996; SchmidtKastner et al., 1996; Shetty et al., 2004) , and a transient increase in cell proliferation and neurogenesis (Bengzon et al., 1997; Parent et al., 1997; Scharfman et al., 2000; Hattiangady et al., 2004) . These SE-induced degenerative and regenerative changes in the hippocampus are also accompanied by deficits in hippocampaldependent learning and memory (Stafstrom et al., 1993; Liu et al., 1994; Sarkisian et al., 1997; Hort et al., 1999; Mikati et al., 2001) . Understanding the relationship between the hippocampal response to SE and its cognitive consequences may lead to new insights into the treatment of SE and epilepsy.
Remarkably, dietary choline supplementation has been shown to protect rats from seizure-induced spatial memory retention deficits normally observed after SE (Yang et al., 2000; Holmes et al., 2002) . Prenatal and early postnatal choline supplementation has also been shown to protect against impairments in performance on hippocampal-dependent tasks caused by aging (Meck et al., 1988 (Meck et al., , 1989 Meck and Williams, 2003; McCann et al., 2006) or neonatal alcohol exposure (Thomas et al., 2004 (Thomas et al., , 2007 Wagner and Hunt, 2006) . While the mechanism by which prenatal choline supplementation confers neuroprotection is not fully understood, choline is a vital nutrient important for several biological functions: acetylcholine synthesis, building biological membranes, cell signaling, and methyl donation (Blusztajn, 1998; Zeisel, 2004 Zeisel, , 2006 . Prenatal choline supplementation also enhances several features of adult hippocampal plasticity known to influence learning and memory function, such as increased baseline levels of neurogenesis, brain-derived neurotrophic factor (BDNF) (Glenn et al., 2007) and nerve growth factor (NGF) (Sandstrom et al., 2002) ; a reduced threshold to induce long-term potentiation (Pyapali et al., 1998; Jones et al., 1999) ; and enhanced depolarization-induced mitogen-activated protein kinase (MAPK) and cAMP-response element binding protein (CREB) activation (Mellott et al., 2004) . Enhanced hippocampal plasticity may underlie prenatal choline supplementation's neuroprotection of
